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(57) Abstract: An adaptor (34), including a housing (25, 122, 130) and a 
flexible circuit (20, 72, 142), facilitates electrical connection between a con- 
nector (50) of an implantable medical lead (32) and an external medical de- 
vice (43). The adaptor housing includes an inner surface forming a longi- 
tudinally extending connector receptacle and a first poition (21, 76) of the 
flexible circuit is adapted to be positioned within the connector receptacle, 
substantially conforming to the inner sur&ce. such that at least one contact 
portion (1 10. 1 12, 1 14, 120. 21 1. 212) of the flexible circuit is directed inward 
and positioned in a location corresponding with at least one ring contact (52, 
54, 56) of the lead connector when the lead connector is engaged within the 
receptacle. A second portion (22, 74) of the flexible circuit is adapted to re- 
side outside the housing such that at least one contact pad (96, 98, 100, 220, 
221, 222), coupled to the at least one contact portion via a conductive path- 
way (102, 104, 106, 116, 118. 120), is accessible for coupling to at least one 
contact element of the external medical device. 
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MEDICAL LEAD ADAPTOR ASSEMBLY 

Cross-reference is hereby made to commonly assigned related U.S. 
Applications filed concurrently herewith: No. 10/436,776 to Timothy HoUeman et al., 
5 entitled '^Medical Lead Adaptor Assembly" (Attorney Docket No. P-1 1 106.00) and No. 

10/436,960 to Frank Skubitz et al., entitled "Medical Lead Adaptor Assembly" 
(Attorney Docket No. P-1 1459.00). 

The present invention generally relates to a medical lead adaptor assembly, and 
10 in particular, the present invention relates to a medical lead adaptor assembly 

facilitating a temporary connection between a medical lead of an implantable medical 
device and an external medical device. 

The earliest instances of relatively prolonged cardiac stimulation, namely 

15 cardiac pacing, of a patient's heart was efiEected through implanted cardiac leads 

attached to the heart muscle at distal electrode ends and extending through an incision 
in the patient's skin. To effect unipolar pacing of the heart, a single such implantable 
pacing lead was employed in conjimction with a subcutaneously implanted or skin- 
surface attached return electrode coupled to an external lead conductor. To effect 

20 bipolar pacfaag of the heart, two such implantable pacing leads were implanted with the 

electrode ends implanted a distance apart Hie attachment of the proximal ends of the 
lead conductors to the temporary cardiac pacemaker connector elements was initially 
effected by simply strippuig insulation fix)m the proximal conductor ends, and inserting 
and securing the bare conductor ends in transverse openings in threaded posts. Later, 

25 finished connector puis were formed at the proximal connector ends of the lead bodies 

that could be inserted into the end openings of thumb nuts and coimector posts. 

■ hnplantable pacing leads evolved into permanent; unipolar and bipolar, 
epdocardial and epicardial, pacing leads for chronic unplantation in a patient. The 
proximal electrical connector assemblies were then connected with connector elements 

30 of a totally implanted, cardiac pacemaker pulse generator. To withstand stress, 

implantable pacing lead conductors were formed of coiled wire and inserted within an 
insulative lead body lumen, fliereby providing a coiled wire lumen that was sized to 
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receive a stiffening stylet wire to assist transvenous implantation of tiie endocardial 
pacing leads. The proximal end of the coiled wire conductor was attached to a tubular 
connector pin at the teiminus of the lead connector and shaped to be received in the 
connector assembly of the implantable pacemaker pulse generator. In the case of 
endocardial permanent pacing leads, the connector or pin was formed with a lumen 
therein aligned with the coiled wire lumen so that flie stiffenmg stylet wire could be 
inserted down the length of the lead body during the transvenous introduction and 
withdrawn after placement of the distal electrode was achieved. Many of these features 
are employed in current permanent pacing leads. 

More recentiy, bipolar and multi-polar permanentiy implantable pacing leads 
and leads for use in pacing and cardioversion/defibrillation (collectively referred to as 
permanent implantable cardiac leads) have been developed usiag coaxially arranged, 
coiled wire conductors and/or parallel-wound, multi-filar coiled wire conductors. In 
the case of endocardial cardiac leads, the stylet wire lumen is employed to receive the 
stiffening stylet wire for implantation as described above. The proximal connector end 
assemblies are formed with at least two spaced apart lead connector elements arranged 
in-line fix)m a proximal lead connector pin to at least one or more distaUy located ring- 
shaped element or lead connector ring. Typical bipolar in-line lead coimector 
assemblies for multi-filar, coiled wire conductors are shown, for example, in conmionly 
assigned U.S. Patent Nos. 4,944,088 and 4,951,687 and 5,007,435, respectively, the 
teachings of which are hereby incorporated by reference. 

Unipolar and bipolar, temporary endocardial pacing leads and temporary 
epicardial heart wires were also developed for implantation of the distal electrode(s) 
thereof in contact with the endocardium or sutured tiurough the epicardium of the hearts 
of hospitalized patients. The lead body size of these temporary pacing leads and heart 
wires has typically been smaller than that of permanent cardiac leads because of the 
absence of an internal wire coil lumen for receiving a stylet wire. Still, in the case of 
bipolar temporary pacing leads and heart wires, either a lead connector pin and ring set 
are employed providing a pair of lead connector pins. 

During or after implantation of the implantable cardiac lead(s), an external 
pacmg system analyzer (PSA), e.g. MEDTRONIC® Model No.'s 2290 and 8090, is 
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attached to the pioximal lead connector end assembly accessible through the incision to 
assess the performance of the system and verify proper lead placement It is necessary 
in some cases to use either a disposable or a leusable "surgical cable" adaptor to 
complete the connection between the implanted lead and the external pacing system 
5 analyzer. 

Some patient and surgical cable adaptors constitute a connector assembly at a 
first end that is compatible with the PSA or temporary pacemaker tenninals, a cable 
including conductors extending £rom the first end to a second end, and lead connector 
element connectors at flie second end. Typically, two to four conductors are included 
10 in the cable, and a set of two or four alligator clips are provided at the second end for 

attachment to one or more lead connector rings and a pin of one or two implantable 
cardiac leads. 

In the case of a permanent pacing lead having a stylet wire fitted within the lead 
lumen and projecting out proximally du:ougjb the connector pin, alligator clips are 

1 5 utilized that attach across the connector rings and pins. However, such an attachment is 

not as secure and electrically isolated as would be desirable. It is undesirable to either 
lose the coimection or to allow an electrical static discharge or other shock or impulse 
to reach the heart through the exposed lead connector ends. Furthennore, it has been 
observed that the careless use of alligator clips can damage the insulation sheathes 

20 adjacent to the lead connector end ring or connector pins. This problem is further 

complicated in the case of leads having a plurality of contact rings separated by 
insulative sealing surfaces. That is, not only is there a potential for shorting between 
alligator clips and/or test probes, but such clips may cause damage to the 
insulation/sealing areas adjacent the contact rings, 

25 

The following drawings are illustrative of particular embodiments of the 
invention and therefore do not limit the scope of the invention, but are presented to 
assist in providing a proper understanding. The drawings are not to scale (unless so 
stated) and are intended for use in conjunction with the explanations in the following 
JO detailed description. The present invention will hereinafter be described in conjunction 

with the appended drawings, wherein like numerals denote like elements, and: 
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FIG. lA is a simplified schematic view of a cardiac lead implanted in a patient 
and coupled to an external medical device by means of the inventive medical lead 
adaptor assembly; 

FIG. IB is a plan view of a flexible circuit for use in conjunction with 
embodiments of the present invention; 

FIG. 2 is an isometric view of a lead comiector assembly capable of being 
received into an inventive medical lead adaptoi^ 

FIG. 3 is an isometric view of a housing for a portion of the flexible substrate 
shown in FIG. IB in accordance with one embodiment of the present inventioi^ 

FIG. 4 is an end view of the housing shown in FIG. 3 containing a flexible 
circuit having electrically conductive dimples thereoi^ 

FIG. 5 is a plan view of an alternate embodiment of a flexible circuit for use in 
conjunction with the present invention; 

FIG. 6 is a cross-sectional view taken along line 4-4 in FIG, 5; 

FIG. 7 is an isometric view of a portion of the flexible substrate shown in FIG. 5 
positioned within a cylindrical housing m accordance with a first embodiment of the 
present invention; 

FIG. 8 is an isometric view of the housing shown in FIG. 7; 

FIG. 9 is an end view of the housing shown in FIG. 7; and 

FIG, 10 is an end view of the assembly shown in FIG. 7; 

The followmg detailed description of the invention is merely exemplary in 
nature and is not intended to limit the scope, applicability, or configuration of the 
invention in any way. Rather, the following description provides a convenient 
illustration for implementing exemplary embodiments of the invention. Various 
changes to the described embodiments may be made m the function and arrangement of 
the elements described herein without departing firom the scope of the invention. 

The invention is described in connection with a number of embodiments of 
medical lead adaptor assemblies, each of which facilitate electrical coupling between 
the proximal lead coimectnr end assembly of a cardiac or similar lead and an external 
medical device. The lead adaptor is capable of being coupled to external electrical 
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conductoTS by means of conductive probes, clips, and the like. The inventive medical 
lead adaptor assembly may be configured to accept lead connectors that may or may 
not include a stylet wire or a guide wire passing therethrough. Furthermore, the 
inventive lead adaptor may be utilized in conjunction with leads having compatible lead 
connector element dimensions; i.e. compatible spacing between and diameters of ring 
contacts. Of course, the medical lead adaptor assembly in accordance with die present 
invention may be provided with different dimensions so as to accommodate a variety of 
cardiac or other types of leads. 

FIG. 1 A is a simplified schematic view of a medical lead implanted in a patient 
and coupled to an external medical device by means of the inventive medical lead 
adaptor assembly. As can be seen, a proximal portion of an implantable cardiac lead is 
shown in part and includes an elongated implantable lead body 32 extending fiom a 
lead adaptor assembly 34 (to be described in detail herein below) toward the distal 
cardiac lead end (not shown). The distal cardiac lead end includes at least one 
electrode implanted in contact with a heart chamber of patient 30. The lead connector 
(shown in FIG. 2 as 50) is received within adaptor 34 as will be described hereinafter 
for facilitating rapid electrical connection between lead body 32 and external medical 
device 43 by means of cable 36 and one or more contact elements, for example alligator 
clips 38. The proximal end 40 of cable 36 is provided with means for electrical 
connection to one or more external medical devices by means of, for example, 
connectors 42 that engage connector terminals associated with the external medical 
device. The extemal medical device connection terminals may take any form, such as 
those associated with the above-referenced MEDTRONIC® Models 2290 and 8090 or 
Model 5348 and 5388 temporary pacemakers. A stylet wire 44 having a proximal end 
coupled to stylet knob 46 extends fi:om a lumen in lead connector assembly 50 (FIG. 2). 
A stylet wire 44 extends through connector assembly 50 and lead body 32; alternately 
an interventional guide wire may extend through connector assembly 50 and lead body 
32. In this manner, stylet wire 44, or a guide wire, may be rotated, axially extended, 
wittidrawn, etc., to aid in implantation of lead body 32. 

Embodiments of the inventive medical lead adaptor assembly 34 include a 
flexible circuit 20 and a housing 25; a iBrst portion 21 (FIG. IB) of flexible circuit 20 is 
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contained wifliin housing 25 and a second portion 22 (FIG, IB) of flexible dicuit 20 
extends from housing 25 providing relatively large contact pads 220, 22 1 , and 222 
(FIG. IB) to which alligator clips 38 may be coupled, as illustrated in FIG. 1 A. FIG. 
IB is a plan view of flexible circuit 20 for use in conjunction with embodiments of the 
present invention. Flexible circuit 20, formed by a conductive pattern on a flexible 
substrate, is configured to conform to positions of contacts on coimector 50 (FIG. 2) as 
will be further described herein below. First portion 21 of the flexible circuit 20 is 
adapted to be rolled or folded and positioned within a housing (e.g. a generally 
cylindrical tube or receptacle) and includes raised electrical contact portions or 
protrusions 210, 21 1, and 212 such as folds or dimples, mechanically or fhennally 
formed, that extend radially inward to mechanically and electrically engage 
corresponding contacts on connector 50 (e.g. 52, 54 and 56 in FIG. 2) inserted into the 
housing. Flexible circuit 20 further includes conductive pathways extending from first 
portion 21 to second portion 22 and coupling contact portions 210, 211, and 212 to 
corresponding contact pads 220, 221, and 222, which are generally flat and to which 
alligator clips may be attached. Cutouts may be provided in first portion 21 of flexible 
circuit 20 to substantially eliminate buckling when the flat substrate is rolled into a 
tube. A pattern of contact portions on the flexible circuit is sized and dimensioned to 
match the contact pattern of a corresponding connector. Processes and materials used 
to make flexible circuit 20 are well known to those skilled in the art of flexible circuit 
technology. 

Second portion 22 may also function as a keeper when the cormector is 
withdrawn from housing 25; according to one embodiment an aperture 23 retains 
adaptor assembly 34 on lead body 32 (FIG 2) making it readily accessible should it 
become necessary to reinsert the connector into the adaptor 34 for additional testing 
and preventing adapter assembly 34 from migrating beyond the sterile field (e.g. falling 
to the floor) and/or becoming lost within the folds of sterile drapes that cover the 
patient. 

FIG. 2 is an isometric view of a lead coimector assembly capable of being 
received into an adaptor according to the present invention, various embodiments of 
which are described herein. Connector 50 at the proximal end of lead body 32 includes 
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contact rings 52, 54 and 56 and a pin contact 58, each electrically coupled to 
conductors within lead body 32 and electrically isolated from each other by insulative 
layers within lead body 32 and by sealing rings 62, 64, and 66. Extending from a 
lumen 68 in lead comiector 50 is stylet wiie 44 which may be manipulated by means of 
stylet knob 46 as described above. While connector 50 has been shown as comprising 
three contact rings and three insulative sealing rings, it should be clear that tiie 
inventive medical lead adaptor assembly is equally applicable to connectors having a 
different number of contact rings including a single contact ring as is typical of IS-1 
connectors. 

FIG. 3 and FIG. 4 are isometric and end views respectively of an embodiment 
of a housing for receiving the rolled or folded contact portion 21 (FIG. IB) of flexible 
circuit 20. In this case, flie housing is capable of receiving a connector 50 (FIG. 2) of a 
cardiac lead 30 (FIG. 2). An elongate housing 130 has a generally horseshoe-shaped 
cross-section defined by leg portions 132 and 134 having a space or chamiel 136 
therebetween dimensioned to receive stylet wire 44. Housing 130 includes an open 
distal or first end 135 dimensioned to receive coimector 50 and a proximal or second 
end 137 iacluding an opening or aperture 138 dimensioned to allow passage of pin 
contact 58 while providing a stop for a proximal face 57 of comiector 50 (FIG. 2). 
Referring to FIG. 4, each of leg portions 132 and 134 is provided with a curved capture 
portion 140 and 142 respectively for securing a flexible circuit 142 having conductive 
dimples 144 thereon in place within housing 130. Flexible circuit 142 corresponds to 
first portion 21 shown in FIG. IB. 

FIG. 5 is a plan view of an alternate embodiment of a flexible circuit 70 for use 
in conjunction with the present invention. Flexible chcuit 70 includes a flexible 
substrate 72 configured to fomi an external contact portion 74 and an internal contact 
portion 76. External contact portion 74 comprises a keeper section 78, a first conductor 
section 80 and an indicia bearing section 84 which may bear indicia identifying a type 
of lead connector for ^ch an adaptor assembly, into which circuit 70 is integrated, is 
compatible. 

Keeper section 78 comprises an opening 86 therethrough and a slit 88 extending 
fi:om edge 90 to opening 86 and defining first and seconds flaps 92 and 94. Flaps 92 
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and 94 may be spread apart so as to permit lead body 32 to be positioned within 
opening 86 and flius tetain an adaptor assembly including circuit 70 within the sterile 
field. When the testing process is complete, ttie adaptor assembly may be simply 
pulled away from lead body 32 causing flaps 92 and 94 to spread thus permitting lead 
body 32 to exit opening 86. 

First conductor section 80 is generally flat and comprises first, second, and third 
contact pads 96, 98, and 100 respectively electrically coupled to conductive pathways 
102, 104, and 106 respectively. As illustrated in FIG 6, which is a cross-sectional view 
taken along line 4-4 in FIG. 5, conductive pathways 102, 104, and 106 are protected by 
an insulative layer 108. Contact pads 96, 98, and 100 are positioned and dimensioned 
so as to facilitate attachment of, for example, alligator clips 38 (FIG. lA) and thereby 
effectuate electrical coupling between the implanted device and the external medical 
device. Conductive pathways 102, 104, and 106 extend into a connector region 82. 
While three conductive pathways 102, 104, and 106 are shown in FIG. 5, it should be 
appreciated that the number of conductive pathways may vary to accommodate any 
number of connector contacts associated with flie lead of the implantable medical 
device. 

Intemal contact portion 76 includes three rows of contact areas in the form of 
conductive protrusions 1 10, 1 12, and 1 14, each row electrically coupled to a conductive 
pathway 116, 1 18, and 120 respectively. As can be seen, conductive pathway 1 16 joins 
or is formed integrally with conductive pathway 102, conductive pathway 118 joins or 
is formed integrally with conductive pathway 104, and conductive pathway 120 joins or 
is formed integrally with conductive pathway 120. 

FIG. 7 and FIG. 10 are isometric cutaway and end views respectively of intemal 
contact portion 72 of flexible circuit 70 after being folded or rolled and inserted into a 
housing 122; e.g. a generally cylindrical housing made of, for example a hard plastic 
and having an open first end 124 for receiving flie folded or rolled flexible circuit. A 
second or opposite end 127 of housing 122 includes an aperture 126 flierein to allow 
passage of pin contact 58 (FIG. 2). Housing 122 is more clearly shown in FIG. 8 and 
FIG. 9, which are isometric and end views respectively of housing 122. Intemal 
contact portion 76 of flexible circuit 70 is rolled and inserted into cylindrical housing 
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122. Three-sets of conductive protrusions 1 10, 1 12, and 1 14 (e.g. folds or dimples) 
project or ejctend radially inward as is shown. Only one of each of the contact 
protrusions 1 1 0, 1 12, and 1 1 4 is shaded for clarity. While fliree rows of three contact 
areas (i.e. 1 10, 1 12, and 1 14) are shown, it should be appreciated ttiat the number of 
rows and the number of contacts in each row may be varied to suit a particular 
application. This also applies to the longitudinal and transverse spacing between 
contact areas. 

Conductive patiiway 116 extends into housing 122 and generally 
circumferentially around the rolled flexible substrate 72 so as to make electrical contact 
with all of contact areas 110. In a similar fitshion, conductive pathway 118 extends 
longitudinally further into and flien circumferentially around housmg 122 to make 
electrical contact with conductive areas 112, and conductive pathway 120 ^ctends 
longitudinally still further into and then circumferentially aroimd housing 122 to make 
electrical contact with conductive areas 1 14. Conductive pathways 1 16, 1 1 8, and 120 
exit housing 122 and are coupled to contact pads 96, 98, and 100 via conductive 
pathways 102, 104, and 106 respectively as is shown in FIG. 5. 

Thus, connector 50 of lead body 32 shown in FIG. 2 may be inserted or press-fit 
into housing 122 until pin contact 58 (FIG. 2) exits aperture 126 and ring contacts 52, 
54, and 56 (FIG. 2) come into and are maintained in electrical contact with conductive 
areas 1 14, 1 12, and 1 10 respectively. Once so positioned, external medical device 43 
(FIG. 1 A) may be electrically coupled to connector 50 of cardiac lead 32 by connecting 
alligator clips 38 (FIG, 1 A) to one or more of contact pads 96, 98, and 100 (FIG. 5). 

Thus, there has been provided a number of embodiments of a medical lead 
adaptor assembly, each of which facilitates electrical coupling between the proximal 
lead coimector end assembly of a cardiac or similar lead with an external medical 
device. The lead adaptor is capable of being coupled to the external electrical 
conductors by means of conductive probes, clips, and the like. The inventive medical 
lead adaptor assembly may be configured to accept lead connectors that may or may 
not utilize a stylet wire or guide wire. Furthermore, flie inventive lead adaptor may be 
utilized in conjunction with leads and wires that have compatible lead connector or 
element dimensions; i.e. compatible assemblies in accordance with the present 
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invention may be provided with different dimensions so as to accommodate a variety of 
cardiac or other types of leads. 

While specific embodiments have been presented in the foregoing detailed 
description of the invention, it should be clear that a vast number of variations exist It 

5 should also be appreciated that the exemplary embodiments are only examples, and are 

not intended to lunit the scope, applicability, or configuration of the invention in any 
way. Rather, the foregoing detailed description will provide those skilled in the art 
wilh a convenient road-mq> for implementing an exemplary embodiment of the 
invention. It should be understood that various changes may be made in the function 

10 and arrangement of elements described in an exemplary embodiments without 

departing from the scope of the invention as set forth in the appended claims. For 
example, a second portion carrying contact pads of the flexible circuit, as described 
herein, which is adapted to reside outside a housing of the adaptor according to the 
present invention, may extend from the housing through a longitudinally extending slot 

15 of the housing rather than from a distal or first end as illustrated; fiurtheimore, the 

second portion of the flexible circuit may wrap around an outer surface of the housing. 
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CLAIMS 

1 . An adaptor facilitating an electrical connection between a connector of an 
implantable medical lead and an eternal medical device comprising: 

a housing including an inner surface forming a longitudinally extending connector 
5 receptacle; 

a flexible substrate including a first portion and a second portion; 
at least one contact portion formed on flxe first portion of the flexible substrate; 
at least one contact pad formed on tiie second portion of the flexible substrate; and 
at least one conductive pathway formed on the flexible substrate and coupling the at 

10 least one contact portion to tiie at least one contact pad; 

wherein the first portion of ftie flexible substrate is adapted to be positioned within the 
connector receptacle, substantially conforming to the inner surface, such that the at 
least one contact portion is directed inward and positioned in a location corresponding 
with at least one ring contact of the lead connector when the lead connector is engaged 

1 5 within the receptacle; and 

the second portion of the flexible substrate is adapted to reside outside the housing such 
that the at least one contact pad is accessible for coupling to at least one contact 
element of the external medical device. 

2. The adaptor of claim 1 wherein the flexible substrate further includes a 
20 third portion adapted to reside outside the housing for detachably engaging the 

implantable medical lead 

3 . The adaptor of claim 2, wherein the third portion includes an aperture 
therethrough for detachably engaging the implantable medical lead. 

4. The adaptor of claim 3, wherein the third portion further includes a sUt 
25 extending from said aperture to an edge of the third portion. 

5. The adaptor of claim 1, wherem the at least one contact portion is formed by a 
dimple id the flexible substrate extending radially inward when the first portion of the 
flexible substrate is positioned within the connector receptacle. 

6. The adaptor of claim 1 , wherein the at least one contact portion is formed by a 
30 fold in the flexible substrate extending radially inward when the first portion of the 

flexible substrate is positioned within the coimector receptacle. 
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7. The adaptor of claim 1, wherein the at least one contact pordon comprises a 
plurality of conductive protrusions substantially aligned with a radial section of the 
connector receptacle and extending radially inward when the first portion of the flexible 
substrate is positioned wifliin the connector receptacle. 
5 8. The adaptor of claim 1, wherein flie housing further includes a proximal end, a 

distal end, an outer surface and a longitudinal slot extending from the proximal end to 
the distal end and passing from the outer sur&ce to &e inner surface. 

9. The adaptor of claim 8, wherein flie hoiising has a horseshoe-shaped cross- 

. section and the outer sur&ce bends in toward the connector receptacle along the length 
10 of the slot forming capture portions for securing the first portion of the flexible 

substrate within the inner sur&ce of tilie housing. 

10. An adaptor &cilitating an electrical comiection between a connector of an 
implantable medical lead and an external medical device conrprising: 

a housing including an inner surface forming a loi^tudinally extending connector 
15 receptacle; 

a flexible substrate including a first portion and a second portion; 

a plurality of contact portions formed on the first portion of the flexible substrate, each 

of the plurality of contact portions including a plurality of conductive protrusions; 

a plurality of contact pads formed on the second portion of the flexible substrate; and 
20 a plurality of conductive pathways formed on the flexible substrate, each of the 

plurality of conductive pathways coupling each of the plurality of contact portions to 

each of the plurality of contact pads; 

wherein the first portion of the flexible substrate is adapted to be positioned within the 
connector receptacle, substantially conforming to the inner surface, such that the 
25 plurality of contact portions are positioned in a plurality of locations corresponding 

with a plurality of ring contacts of the lead connector when the lead coimector is 
engaged within the receptacle; 

flie plurality of conductive protrusions are substantially aligned with a radial section of 
the coimector receptacle and extend radially inward when the first portion of the 
30 flexible substrate is positioned within the connector receptacle; and 
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the second portion of the flexible substrate is adapted to reside outside the housing such 
that the plurality of contact pads aie accessible for coupling to a pIuraKty of contact 
elements of the external medical device. 

11. The adaptor of claim 10, wherein the flexible substrate further mcludes a ftird 
5 portion adapted to reside outside the housing for detachably engaging the implantable 

medical lead. 

12. The adaptor of claim 10, wherein each of the pluraUty of conductive protrusions 
is formed by a dimple in the flexible substrate. 

13. The adaptor of claim 1 0, wherein each of the plurality of conductive protrusions 
10 is formed by a fold in the flexible substrate. 

14. The adaptor of claim 10, wherein the housmg further includes a proximal end, a 
distal end, an outer surface and a longitudinal slot extending ftom the proxunal end to . 
the distal end and passing from the outer surface to the inner surface. 

1 5. The adaptor of claim 10, wherein the housing has a horseshoe-shaped cross- 

15 section and the outer surface bends in toward the connector receptacle along the length 

of the slot forming capture portions for securing the first portion of the flexible 
substrate within the inner surface of the housing. 

16. A mefliod for making electrical connection between a comiector of an 
implantable medical lead and an external medical device, comprising: 

20 inserting a first portion of a flexible circuit into an inner surface of 

a housing forming a connector receptacle, the first portion of the flexible circuit 
including at least one contact portion formed thereon; 

inserting the connector into the connector receptacle until at least one contact ring of 
the coimector makes electrical contact with the at least one contact portion formed on 

25 the first portion of the flexible circuit, and 

couplmg a contact element of the external medical device to a contact pad formed on a 
second portion of the flexible circuit, the second portion of the flexible circuit residing 
outside the housing and the contact pad coupled to the at least one contact portion via a 
conductive pathway formed on the flexible circuit 

30 17. The method of claim 16, further comprising removably attaching a third portion 

of tiie flexible circuit to the implantable medical lead. 
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